Introduction
============

The National Nosocomial Infections Surveillance (NNIS) defines a nosocomial infection as a localized or systemic condition that results from adverse reaction to the presence of an infectious agent(s) or its toxin(s) and that was not present or incubating at the time of admission to the hospital \[[@R1]\]. Nosocomial infections have been recognized for over a century as a critical problem affecting the quality of health care and a principal source of adverse healthcare outcomes \[[@R2]\]. In developed countries, it constitutes from 5% to 10% of patients admitted to acute care hospitals \[[@R3]\], \[[@R4]\]. The attach rate for developing countries can exceed 25% \[[@R5]\]. Such hospital-acquired, or nosocomial, infections add to the morbidity, mortality, and cost expected from the patient\'s underlying diseases \[[@R6]\], \[[@R7]\].

The development of a nosocomial infection is a chain of events, which is influenced by the microbe, transmission route, and the patient himself \[[@R2]\]. The organisms causing most nosocomial infections usually come from the patient\'s own body (endogenous flora) \[[@R1]\]. They also can come from contact with staff (cross-contamination), contaminated instruments and needles, and the environment (exogenous flora) \[[@R1]\].

Most nosocomial infections are inevitable risks related to treatment. Due to the improvements in the treatments of serious diseases, there are more and more patients whose resistance to infection is severely reduced \[[@R2]\]. Simultaneously, modern treatments necessitate the use of intravenous catheters, urinary catheters, respirators, hemodialysis, complicated operations, cortisone therapy and other factors, which depress resistance mechanisms and make patients susceptible to infections \[[@R8]\]. Most nosocomial infections are not related to outbreaks but occur consistently as sporadic cases \[[@R9]\]. Surveillance for nosocomial infections is the cornerstone of prevention and control \[[@R10]\]. The objectives of the current study are to define how many and what kind of nosocomial infections are occurring, what are the causative microbes and what kind of drugs can be used in treatment of infection at Al-Hada Armed Forces Hospital, Taif, Saudi Arabia during the year 2004 as a model of a high standard hospital from a developing country.

Material and methods
====================

Study setting and design
------------------------

A prospective study was implemented for all patients admitted to Al-Hada Armed Forces Hospital during the period January 1, 2004 to December 31, 2004 and who subsequently developed infection. Al-Hada Hospital is a 400-beds acute care facility located in Al-Hada valley (about 10 miles northwest of Taif, Saudi Arabia). It is administered by the Medical Service Department (MSD) of the Saudi Arabian Ministry of Defense and Aviation (MODA). It serves members of the Royal Family as well as uniformed military personnel, their dependents and other entitled personnel. Surveillance was done by a combination of analyzing laboratory reports and repeated ward visits by the infection control practionner. A written form was used for surveillance and filled in by the infection control nurse.

Criteria for diagnosis
----------------------

Generally, the information used to determine the presence and classification of an infection was a combination of clinical findings and results of laboratory and other tests (x-ray, ultrasound, computed tomography (CT) scans, biopsies, magnetic resonance imaging (MRI), or endoscopic procedures).

Nosocomial infection was defined as infection obtained more than 48 hours after being admitted to a hospital, while infection obtained within 48 hours of being admitted to a hospital was defined as community-acquired infection.

The diagnosis of UTI was done according to the two criteria defined by the CDC (Centers for Disease Control and Prevention) in the USA \[[@R11]\].

Blood stream infection was defined as a patient with a clinically important blood culture positive for a bacterium or fungus \[[@R5]\].

The criteria for diagnosis of pneumonia were clinical (fever, cough, and development of purulent sputum) in combination with radiological evidence of a new or progressive pulmonary infiltrate with culture of sputum or tracheal specimens \[[@R11]\].

Surgical site infections (superficial incisional infections, infections of the deep incision space and organ space infections) were diagnosed according to CDC \[[@R12]\].

Different strains of bacteria were isolated and identified using standard methods \[[@R13]\]. An antibiotic sensitivity test was done according to Kirby-Bauer disc diffusion technique \[[@R14]\]. Data was analyzed using SPSS (Statistical Package for the Social Sciences) version 11. A chi-square test was utilized to test for the association between categorical variables. The nosocomial infection rate was calculated by dividing the number of cases by the total number of discharged patients.

Results
=======

The 1382 patients that developed infection following hospital admission were included in the study. Of them, 668 (48.3%) had nosocomial infection and 714 (51.7%) had community-acquired infection. Among those who developed nosocomial infections, 216 (32.3%), 172 (25.7%) and 124 (18.6%) had respiratory tract (RTI), urinary tract (UTI) and blood infections (BI) respectively. Surgical site infection (SSI) was reported in 86 cases (12.9%).

Regarding age, 23.8% of nosocomial infections were below the age of one year and 33.4% above the age of 65 years as compared to 18.1% and 38.1% respectively for those having community-acquired infection (P\<0.05). In both types of infection (nosocomial and community-acquired), males outnumbered females (62.9% and 58.8% respectively) (P\>0.05) (Table 1 [(Tab. 1)](#T1){ref-type="fig"}).

As shown in Table 2 [(Tab. 2)](#T2){ref-type="fig"}, the infection in the hospital was mostly reported in the Surgical Intensive Care Unit \"SICU\" (14%), followed by Medical Intensive Care Unit \"MICU\" and Male Medical Ward \"MMW\" (10.4% for each). Nosocomial infection was mostly reported in the SICU (18%), followed by the MICU and the Neonatal Intensive Care Unit \"NICU\" (11.4% for each) while community-acquired infection was mostly reported in the MMW (11.5%), followed by the Female Surgical Ward \"FSW\" (10.6%) and the SICU (10.4%). Regarding the nosocomial infection cases, UTI was reported mostly in the MMW (14% of cases), RTI and SSI were reported mostly in the SICU (29.6% and 18.6% of cases respectively) while bacteraemia was reported mostly in the NICU (33.9% of cases).

From Table 3 [(Tab. 3)](#T3){ref-type="fig"}, it is obvious that the overall nosocomial infection rate within the study period (January 1 - December 31, 2004) was 4.98 per 100 discharged patients. It was highest during January (7.75 per 100 discharged patients), and lowest during June (3.28 per 100 discharged patients). The overall rate of infection occurring in the hospital (nosocomial and community-acquired) was 10.31 per 100 discharged patients.

Table 4 [(Tab. 4)](#T4){ref-type="fig"} indicates the various isolates (n=1438) identified from 1382 patients. Gram-positive organisms were reported in 31.8%. MRSA was the commonest (10.2%), followed by co-agulase negative staphylococci (8.5%) and Staphylococcus aureus (7.4%) while Gram-negative organisms were reported in 66.2%. E. coli was the commonest (22.3%), followed by Pseudomonas aeruginosa (17.6%) and Klebsiella pneumoniae (9.9%). Candida was reported in only 2% of organism isolates.

Table 5 [(Tab. 5)](#T5){ref-type="fig"} shows that E. coli were the most prevalent isolates from urinary tract infections (47.7%), followed by K. pneumoniae (15.1%) and P. aeruginosa (8.1%). In nosocomial RTI, they were P. aeruginosa (44.4), MRSA (14.8%) and Acinetobacter spp. (12%). Regarding nosocomial blood stream infections, the commonest reported organisms were K. pneumoniae (23.3%), coagulase negative Staphylococci (16.7%) and E. coli (15%). In surgical site infections, the organisms encountered commonly were E. coli (25.6%), MRSA (18.6%) and S. aureus (14%).

Anti-microbial sensitivity patterns were studied for various organisms. Tables 6 [(Tab. 6)](#T6){ref-type="fig"} and 7 [(Tab. 7)](#T7){ref-type="fig"} point out some conclusions. Acinetobacter spp. and MRSA were highly sensitive to Imipenem (88.6%) and Vancomycin (98.5%) respectively. E. coli were highly sensitive to most of the antimicrobial agents except ampicillin (26.6%).

Discussion
==========

Here we present an overall description of the system affected by infection and causative organisms with further information on antibiotic resistance in a Saudi Arabian military hospital.

Nosocomial infections are widespread. They are important contributors to morbidity and mortality. They will become even more important as a public health problem with increasing economic and human impact because of: 1) increasing number and crowding of people, 2) more frequent impaired immunity (age, illness and treatments), 3) new microorganisms, and 4) increasing bacterial resistance to antibiotics \[[@R15]\]. They are a major cause of preventable disease and death in developing countries.

Because patients are highly mobile and hospital stays are becoming shorter, patients often are discharged before the infection becomes apparent (are symptomatic). In fact, a large portion of nosocomial infections in hospitalized patients - and all from ambulatory care facilities - becomes apparent only after the patients are discharged. As a consequence, it is often difficult to determine whether the source of the organism causing the infection is endogenous or exogenous.

In the current study, nosocomial pneumonia was the most common infection, while in United States it was reported as the second most common after UTI \[[@R16]\]. Recently, we have reported that nosocomial urinary tract infection \"NUTI\" was the most common reported infection. We studied related risk factors \[[@R17]\], and recommended reducing the NUTI rate at Al-Hada Armed Forces Hospital. The findings of the current study could be a reflection of these recommendations (shorter duration of catheter use, more attention to catheter hygiene, increased antibiotic use).

The highest rates of nosocomial infections were observed in intensive care units, which are also the units in which the most severely ill patients are treated and in which the highest mortality rates are observed. Similar findings were found in other studies \[[@R18]\], \[[@R19]\], \[[@R20]\], \[[@R21]\].

The overall nosocomial infection rate was 5% of patients admitted, which is comparable with those reported in most of the developed countries \[[@R3]\],\[[@R4]\] . This could be attributed to the fact that Al-Hada Armed Forces Hospital is a highly standard hospital (i.e. in terms of equipment and medical staff) and has strong programs both for surveillance and for prevention and control of infection. Comparatively, a lower figure of 4% has been reported in a maternity hospital in Saudi Arabia \[[@R22]\].

The Study on the Efficacy of Nosocomial Infection Control (SENIC) project provided the strongest scientific basis to date for the assertion that surveillance is an essential element of an infection control program and improves the outcomes of patients \[[@R23]\]. In this work, Gram-negative bacteria caused 66.7% of the infection. A comparable figure has been reported recently in Saudi Arabia \[[@R22]\].

Numerous studies have evaluated pathogens associated with nosocomial pneumonia. However, variations in patient populations and methods used to obtain and analyze specimens, as well as differences in the definition used for nosocomial pneumonia, have led to variable results. Generally, the pathogens associated with bacterial pneumonia are Gram-negative bacilli (especially Pseudomonas species) \[[@R24]\], \[[@R25]\], \[[@R26]\].

Recent studies \[[@R24]\], \[[@R25]\], \[[@R26]\] however, are beginning to show an increase in the prevalence of Gram-positive pathogens (often Methicillin-resistant S. aureus), particularly in long-stay, tertiary hospitals, in which most patients are in the ICU and on a ventilator. Our finding supports the results of these studies.

In the current study, Escherichia coli was the most common infecting organism in patients with UTI. It was responsible for approximately half of cases. The same has been reported by others \[[@R27]\], \[[@R28]\]. The causes of bacteraemia were similar to those seen in other large series \[[@R29]\], \[[@R30]\]. The trend for coagulase-negative staphylococci \[[@R31]\] may reflect a change from regarding these organisms as skin contaminants to being clinically significant \[[@R29]\]. We found no shift to Gram-positive organisms as reported elsewhere \[[@R29]\], \[[@R30]\], \[[@R31]\].

In this study, S. aureus was the most common cause of surgical site infections. Methecillin-resistance was documented in 16 (57.1%) of 28 S. aureus isolates followed by Echerichia coli. The same findings has been mentioned elsewhere \[[@R32]\], \[[@R33]\].

As most surgical site infections become manifest after patient has been discharged from the hospital \[[@R34]\], in this study, we depend on post-discharge reporting by surgeons, a procedure which we find acceptable, since the majority of patients will return for follow-up to Al-Hada Hospital.

Antibiotic resistance is influenced by the antibiotic (mechanism of action and molecular composition) and type of resistance \[[@R35]\]. Resistance can develop by chromosomal mutation, acquisition of plasmids, transposons or antibiotic resistance genes, or interspecies genetic transformation \[[@R36]\].

Antibiotic resistance, regardless of the antibiotic and bacteria will occur with sufficient time and drug use. Widespread antibiotic use causes selection pressure: resistant strains survive while susceptible ones are eliminated \[[@R35]\], \[[@R36]\], \[[@R37]\].

Increased antibiotic use in hospitals is often associated with increased frequency of resistance \[[@R38]\]. The rise in antibiotic resistance emphasizes the importance of sound hospital infection control, rational prescribing policies, and the need for new antimicrobial drugs and vaccines.

The choice of antimicrobial drugs is central to the management of infection. Selection of a suitable antibiotic is fairly straightforward when the microorganism responsible is known. However, when this is not the case, a choice based on current epidemiologic data has to be made and empirical antibiotic treatment is prescribed. This should be followed by conventional culture techniques, whereby the specific antibiotic-sensitivity patterns of the causative organisms are established and the antimicrobial therapy can subsequently be modified if necessary for those patients who have positive cultures \[[@R5]\].

Because more than 90% of nosocomial infections do not occur in recognized epidemics \[[@R39]\], surveillance principally measures the endemic rates of nosocomial infections. This is important to remember when one attempts to devise a prevention or control strategy to reduce the infection rate.

Conclusions
===========

The distribution of nosocomial infections by site is different from that previously reported in Al-Hada Armed Forces Hospital, Saudi Arabia, largely as a result of anticipated low rate of urinary tract infection. Pneumonia, urinary tract infections, and blood stream infections made up the great majority of nosocomial infections. There is a need for further risk assessment associated with main types of infection.
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